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Abstract

Thi s paper uses the new Longitudinal Establishnment and
Enterprise Mcrodata (LEEM at CES to investigate gross and
net job flows for the U S. econonmy. Mich of the previous
work on U.S. job flows has been based on anal ysis of the
Longi tudi nal Research Database (LRD), which is limted to
establishments in the manufacturing sector. The LEEMis the
first high-quality, nationw de, conprehensive database for
bot h manufacturing and non-manufacturing that is suitable for
measuri ng annual job flows.

We utilize the LEEM data to nmeasure recent gross and net
job flows for the entire U S. econony. W then exam ne the
rel ati onshi ps between firm size, establishnment size, and
establi shment age, and investigate differences resulting from
use of two alternative nethods for classification of job flows
by size of firmand establishment. Cell-based regression
anal ysis is used to help distinguish anong the effects of age,
firmsize, and establishment size on gross and net job flows
in existing establishments.

We find that gross job flow rates decline with age, and
with increasing establishnment size when controlling for age
di fferences, whether initial size or nean size classification
is utilized. Firmsize differences contribute little or
not hi ng addi ti onal when establishment size and age are
controlled for. However, the relationship of net job growth
to business size is very sensitive to the size classification
met hod, even when data and all other nethodol ogy are
identical. When nean size classification is used, the
coefficient on establishnent size for net job growth is
generally positive, but when initial size is used, this
coefficient is negative. These results shed |light on some of
the apparently conflicting findings in the literature on the
rel ati onship between net growth and the size of businesses.

Key Words: Longitudi nal establishment m crodata, gross job
creation and job destruction, net enploynent growth, business
size classification.
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1. Introduction

Over the past decade, techniques for measurement and economic analysis of job creation and
job destruction have evolved sgnificantly. An extensive literature documents the high rates of gross job
flows, the heterogeneity of job creation and job destruction across plants, the quantification of job
redllocation and worker redlocation, and the evauation of heterogenety in plant-level employment
dynamics. Most of the early work on this topic was based on Dun & Bradstreet data® Studies of
employment in certain states made use of adminigtrative data from the Unemployment Insurance
system.?  Much of the more recent anaysis has focused on the Longitudinal Research Database (LRD)
housed at the Center for Economic Studies at the U.S. Bureau of the Census®

There are three broad limitations of these job flows analyses based onthe LRD. Firgt, the LRD
islimited to establishments in the manufacturing sector of the U. S. economy, which represents less than
20 percent of the private sector jobsin the U.S. Second, the LRD’s ability to measure firm szeisvery
limited, because comprehensive measures of even just the total number of manufacturing jobsin firms
exis only in Economic Census years, which take place every five years. This has not been sufficient for
much andyss of firm size differencesin job flows. Third, very smdl firms are not measured or are
measured inconsstently in the LRD.

We exploit the new Longitudina Establishment and Enterprise Microdata (LEEM) file, a

tremendoudy rich economy-wide longitudina database with universal coverage that overcomes these

! Birch, 1979, Armington and Odle, 1982, Brown and Phillips, 1989, Eberts and Montgomery, 1995.

2 Anderson and Meyer, 1994; Lane, Stevens and Burgess, 1996; and Spletzer, 1998.

% Davis and Haltiwanger, 1990, 1992; Davis, Haltiwanger and Schuh (DHS), 1996a and 1996b; and Dunne, Roberts and
Samuelson, 1989a and 1989b.



limitations. Thisisthe firgt nationwide high-qudity longitudina database for both manufacturing and
non-manufacturing businesses that is suitable for measuring gross job flows in this country. These data
are dso housed at the Center for Economic Studies at the U.S. Bureau of the Census.

The LEEM has severa key advantages over the LRD. Of fundamenta importance isits ability
to track al individud establishments across changes in ownership or lega form, so that their continuing
business activities can be more accurately followed over an extended period of time. Moreover, the
LEEM dso identifies the parent firm of each establishment in each year, and providesits firm-wide
employment, S0 establishments can be classfied by the sze of ther firm. Findly, snce the scope of the
LEEM includes nearly dl establishments with employees, there is complete coverage of even the
smallest businesses, those with one to four employees- which make up about 60 percent of al U.S.
employer firms. Relative to the LRD, the LEEM is restricted in frequency (it includes no quarterly
data), and in historical time span (it is currently available only from 1989).

This article presents, for the first time, (1) gross and net job flow ratesfor the entire U. S.
economy, (2) investigates the relationships between age, establishment size and firm size to job flows,
and (3) examines the impact of dternative measures of business sze on these measurements. Annua
rates for establishment job flows for each industry division are presented in order to see how typica
manufacturing is of the other sectorsin the economy. Then differencesin gross and net job flows by
age, establishment size and firm size are examined for the whole economy. A comparison of annud
rates of job generation classfied by dternative measures of firm sze and establishment size and age for
manufacturing, services, and retall tradeis aso performed. We confirm prior findings about patterns of
job generation which were based on data for elther sngle states or sSingle industries as representative of

the whole economy.



Cell-based regression andysisis used to distinguish anong the effects of age, establishment size,
and firm sze on the patterns of job cregtion, job destruction, job redlocation and net growth. Both firm
gze and establishment sze were included (in addition to age) as independent variables in the regressons
for establishments that are parts of multi-location firms. These regressions verify that gross job flows
decline subgstantidly with increasing age, even after controlling for Sze. The estimated coefficients for
firm gze are smdl, but pogtive, for dl of the grossjob flows Thisindicates that for multi-unit firms, the
negative effects of larger establishment size tend to be partidly offset by the pogitive effect, of larger firm
gze. For sngle unit firms, the estimated coefficient on Sze is negetive and Satiticdly sgnificant, after
controlling for age. However, for multi-unit firms, the estimated coefficient on firm size has little
relaionship to net growth rates, after the sSize and age of the establishment have been taken into account.
Wherefirm dzeis equivdent to establishment sze (for single unit firms), firm sze sgnificantly affects net
growth rates. These results appear to support recent empirical research on Gibrat’s Law (Sutton 1997).

Since Davis, Hatiwanger and Schuh (1996a), and others, expressed concern that the apparent
asociation of higher job growth rates with smdler businesses might be primarily due to a satistica
fdlacy, many researchers have been usng mean sSze, rather than initid Sze, to dassfy busnesses for
andyss of differencesin job flows by sze. This practice of classfication by mean Size has been
advocated to control for regresson-to-the-mean-biasin analysis of job generation rates. However, this
method itsalf has been controversia, and clearly introduces other statistical problems.* In order to
messure the impact of these dternative methods, we use both the traditiond initid size and the recently

popular mean size methods of classfying businessesin analyzing size differences.

* Konings, 1995a; Baldwin and Picot, 1995; Carree and Klomp, 1996; Kirchhoff and Greene, 1997; Picot and Dupuy,
1998, Davidson, Lindmark, Olofsson, 1998.



We find that establishment Size is negatively related to gross job flows, whether initid sze or
mean Szeis utilized. However, for net job growth, the coefficient on establishment Sze is generdly
positive when the mean Size is used, but negative when initial Szeisused. Thus, it appearsthat net job
growth rates of existing establishments tend to fal with increesing initid establishment employment, but
rise with increasing mean establishment size, after controlling for age.

The rest of this paper is organized asfollows. Section |1 discusses the database and some of
the methodological issues. Section |11 presents some basic facts about job creation and job destruction
based onthe LEEM. Section IV summarizes results for the cell-based regressions on job cregtion,
destruction, net change, and redllocation, distinguishing the separate effects of age, establishment size,
and firm sze ontheserates. The fina section concludes with a brief summary and a discussion of
remaining chalenges in measurement and basic andysis of job flows.

II. Dataand M easurement
A. TheLongitudinal Enterprise and Establishment Database (LEEM)

The Longitudina Establishment and Enterprise Microdata (LEEM) file has multiple years of
datafor each U.S. private sector (non-farm) business with employees. The current LEEM file facilitates
tracking employment, payroll, and firm affiliation and (employment) size for the over nine million
establishments that existed at some time during 1990, 1994, or 1995.° This file was constructed by the

Bureau of the Census from its Statistics of U.S. Business (SUSB) files, which were devel oped under

® The original LEEM filefor 1990, 1994 and 1995 includes up to three years of data. Each year of dataincludesup to
two Census identification numbers, establishment employment during the March 12 pay period, annual payroll,
Standard Industrial Classification code (4-digit SIC), Metropolitan Statistical Area (M SA), state, and enterprise (firm)
employment. This has been supplemented to include county for each of the three years, and the year of the

establishment’ sfirst appearance in Census data (or 1973, if dated earlier).



contract to the Office of Advocacy of the U.S. Small Business Administration.® These data are an
extended form of the economic microdata underlying Census County Business Peatterns. The annua
SUSB datawere linked together using the Longitudind Pointer File associated with the SUSB in order
to facilitate tracking establishments over time, even when they change identification numbers.

The basic unit of the LEEM datais a business establishment (location or plant). An
establishment isa single physicd location where businessis conducted or where services or indugtria
operations are performed. The microdata describe each establishment for each year of itsexisencein
terms of its employment, annud payroll, location (state, county, and metropolitan area), primary
industry, and start year. Additionad data for each establishment identify the firm (or enterprise) to which
the etablishment belongs, and the totd employment of that firm.

A firm (or enterprise or company) is the largest aggregation of busnesslegd entities under
common ownership or control. Establishments are owned by legd entities, which are typically
corporations, partnerships, or sole proprietorships. Most firms are composed of only asingle lega
entity that operates a single establishment -- their establishment data and firm data are identical. Only 4
percent of firms have more than one establishment, and they and their establishments are both described
as multi-location or multi-unit. Multi-unit firms may be composed of one or more legd entities.

The overd| sze of afirm indicates the scale of financid resources and decison-making
overseeing of operations. This corresponds closdy to the notion of business Sze that underlies most

public discourse on job cregtion. In addition, patterns of government regulation and business accessto

® For documentation of the SUSB files, see Armington, 1998, which is available from the Office of Advocacy of the

U.S. SBA.



financid markets are more closdly associated with firm sze than with the Sze of plants or branch
locations (Armington, 1982).

Looking at the employer establishments, about 77 percent are Sngle unit establishments, with an
average employment of about eight. The other 23 percent belong to multi-unit firms, and these
establishments have an average of 39 employees. However, there are afew very large single unit firms,
and many very smal multi-unit establishments

Egtablishments that continue their operations can usudly be tracked through time using the
LEEM, evenif thar identification numbers are changed due to structurd, legd, or ownership changesin
thebusiness. Therefore, it is generdly possbleto dearly identify the startup (birth) of anew
establishment or the termination (deeth or closure) of an establishment, as distinguished from the
gppearance of a new identification number or the discontinuance of an old one. In fact, we normally
impose the additiona requirement that a new establishment have positive employment before
recognizing it as an establishment birth. Further, we assume that when an establishment that did have
employment loses dl of its employees, it condtitutes an effective closure, evenif it again reports
employeesin later years.”

B. Grossjaob creation, destruction and reallocation and net job change

We now turn to issues of measurement. The most appropriate way to measure differencesin

job creation and job destruction by different sizes of firms or establishments has been a controversa

issue for more than two decades. Ever snce Birch (1979) first released hisinitia findings on

” For amore complete description of the Census' SUSB source data and the characteristics of the LEEM data see Acs

and Armington (1998).



employment dynamics, debates over his results have continued, in part because he has never released
details on his methods of measurement. ®

According to DHS (1996a, 66), “Most longitudina studies of the relationship between
employer Size and job creation suffer, from another statistical pitfal known as the regresson fdlacy or

regression-to-the-mean bias.”®

The regression falacy is a problem well known to most researchers, but
not aways avoided by them. The essence of the regresson falacy isthat when repested measures are
made for members of extreme categories on a scae, measurement error or random fluctuations over
time tend to result in changes primarily in only one direction from each extreme -- towards the mean. In
andyses of longitudind data on job creation by Sze dass, thisfdlacy might result in oversatement of the
job creation by smdler busnesses, and overstatement of the job destruction by larger businesses

There are two solutions to the controversy about the regression falacy. Firgt, to measure the
gze of the fdlacy and determine how seriousit is, and second, to develop dternative methods to avoid
the falacy, without introducing new digtortions. In order to better assess and/or avoid the regression
fdlacy, one needs to understand the phenomenon being measured. If we view the Size of establishments
or firms asfixed in the long run, then most job generation is due to fluctuations around that long run size.
However, there are good reasons to believe that thisis not generdly the case. Firdt, busnesses are
continualy confronted with changes in their economic environment, which are likdly to result in changes

to their optimum sze. Such changes conflict with the theory of an optima long run business sze with

minor, symmetricd, fluctuations around it.  Second, the long run size of young businesses cannot be

8 For areview of the literature on industrial organization and job flows see (Caves, 1998).
® Friedman (1992) suggests that the regression fallacy “is the most common fallacy in the statistical analysis of

economic data.”
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identified until they are mature. In fact, DHS (1996a) found that only larger and older multi-unit plants
exhibited pronounced counter-cyclica patterns of variation, i.e. temporary changes in employment.
They found little or no systematic relationship between the business cycle and job generation in young,
amdl or angle unit plants.

An dternative view of firm or establishment sze suggests that businesses enter an industry,
survive, grow and decline over time (Audretsch, 1995). This evolutionary view suggests thet the Sze of
an egtablishment is unlikely to fluctuate around a long run equilibrium sze. In this view, busnesses
generdly show a persistent growth or decline in jobs, while in the above case they tend to show
temporary changesin thar leves of employment.

These two schools of thought concerning firm growth and firm size need further examination.
Adherents of the first school support the assumption that firms fluctuate around their own size, and
deviations from this are temporary (Leonard, 1986). The analyssin Leonard starts with equation (1):

INS;=X b +eie 1)
where S; isthedzeof firmiinperiodt, X ; isthe vector of firm characterigtics given optimd scde, i.
e, a vector of time invariant characteristics, and e isarandom error that may include
measurement error. The expected growth, conditiona oninitid 9ze (InSi¢;) equas-eit:1. Thus,
compared to their expected Sze, large firms are expected to shrink and small firms are expected to
grow. Adherentsto this school assume that firm size fluctuates randomly around the expected vaue of
X b inequation (2).

Followers of the second school andyze whether the firm growth rates fluctuate randomly, i.e,
whether Gibrat'slaw isvdid. In Evans (1987b) the following regresson framework is presented:

(InSt=InStg)/d=INnG(Aitd, S ta) + hiy %)

11



where d is the number of years between the beginning and the end of the observation period, A isfirm
age, and h;; isarandom error. Variyam and Krayhill (1992) and Mata (1994), for example, dso use
this approach.

Moreover, thereis some empirica evidence to doubt that equation (1) describes the dynamics
of firm sze. Evans (1987aand 1987b) and Hall (1987) report finding that firm growth decreases with
firm age and with firm sze. Beori and Cramer (1992) show for German establishments in the period
1977-1990 that the growth-size relation is not the result of a regression-to-the-mean bias only.
Konings (1995a and 1995h), using a smilar technique, found no evidence of convergence, and hence
no measurable regression-to-the-mean. ° Dunne, Roberts, and Samuelson (1989) separated
edablishments in Sngle unit firms from establishments in multi-unit firms and found thet the former
experienced adecline in net growth with size across age groups, while the latter experienced a U-
shaped rdationship in young plants and a pogitive reaionship in plants over five years old.

However, Davis and Hatiwanger (1998) found that, after controlling for age, net growth in
manufacturing increased with mean plant Sze. Results from Nocke (1994), using French data,
displayed smilar patterns for net growth for the smadler sze categories, but French growth rates leveled
off for the larger plant 9zes. These results contrast with findings by Evans (1987b) and Hall (1987),
who both found that net growth rates declined with firm Sze, even after controlling for firm age. Davis

and Haltiwanger (1998, 17) suggest these conflicting results arise from regress on-to-the-mean effects,

1% Using Swedish data, Davidsson, Lindmark and Olofsson (1998) actually estimate the size of the regression-to-the-
mean-bias. They concludethat, “In all, correcting for the “ regression-to-the-mean bias” in these data amounted to
correcting for fractions of percentages. Our conclusion would be that in analyses similar to ours...the regression
fallacy highlighted by DHS (1996a, 1996b) leadsto relatively insignificant distortions and has not led researchersto

draw qualitatively false conclusions from such analysis’ (p.97 ).
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due to the fact that Evans and Hall used the employment szein theinitial year for calculaing net growth
and for dassfying gzes. Other differencesin techniques and time frame aso play arole in producing
these diverse results

Another source of possible biasin andyss of job flow differences by business sze isthe use of
traditiona growth rate caculations based on initid period employment. These rates are both
asymmetrica and unbounded, S0 large positive changes in amdl establishments result in extremey high
rates, while smilarly large negetive changes are limited to alossrate of 100 percent. To avoid thisbias,
we have adopted the method of caculating rates of changein employment used by DHS (19963, 26).
They measure a plant’s growth rate in period t as the change in its employment divided by its average
employment in periodst-1 and t. With this unconventiona measure, rates of job crestion and job
destruction will be symmetricd -- an increase of x jobs, followed by a decrease of x jobs will trandate
into the same rate with opposite signs™ Unlike the conventional growth rate measure, which divides
employment change by initid year employment and ranges from -1.0 to + ¥, this mean-based growth
rate measure ranges from —2.0 for establishment closuresto +2.0 for establishment startups. This
method of cdculating growth rates removes a source of bias, but does not, in fact, affect most results
noticeably.

Following DHS (1996a), we define changes in establishment employment using three subscripts.
The letter e denotes a specific establishment; the letter s denotes the sector to which the establishment
belongs, and the letter t denotesthe time period. The symbol D denotes the first-difference operator,

suchasD Xt = Xt - xt_]_.

13



Gross job credtion isthe sum of dl new jobs at an expanding or newly born establishment.

Formally, gross job creation in sector sat timetis:

Ca = § DXex,
el s+ (3)

And gross job destruction is

(4)
Ds = § |DXest |

ds
where X denotes employment, and the subscripts + and — indicates the subset of establishmentsin the
sector that expand and contract respectively. We define job creation rates by dividing by a measure of
gze, mean employment. Mean establishment employment, Z, is the average of employment in period
t-1 and t:

Zeg =0.5(X e + Xest 1), (5)
and the corresponding establishment growth rateis:

Ot = D Xeg/ Zes. (6)
Thisis a convenient gpproximation to the continuous, or compounded, growth rate. The continuous
growth rate is caculated asIn Xeg — IN Xeg.1, Sectora rates of gross job creation and destruction are
employment-weighted sums of establishment level growth rates:

Cst = Cst/th

dst = Dst/Zst.

" Thus, for example, an expansion from 100 to 110 isequal in size and oppositein sign to a contraction from 110 to
100.
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The sum of job creation and destruction is defined as the redlocation rate between t-1 and t:

Iy = Cs + g
Gross job creation and destruction are related to the net change in employment, or net job creation, by
the following formula

Nets = Cs — ds = (DX«/Zs). (7

We measure establishment employment flows using both initid sze dassfication and mean sze
classfication. For job flows over the period from t-1 to t, the initid year method classfiesdl
egtablishments and/or firms according to the Sze of the establishment and /or firm in the initid yesr, t-1.
New establishments are aso classfied by their initid Sze, which isthat reported in year t, the ending
year of theintervd. New establisimentsin firmsthat did not exist in the initid period dso use their firm
gzeintheending year asthair initid firm sze.

The mean Sze classfication method is a gpecid case of alonger-term weighted average Size
goproach. It usesaweight of one hdf for initid year and one hdf of ending year. Thus, for mean firm
gzefirms are dassfied grictly according to the average of the firm szein theinitid and ending year
dass, using zero when the firm did not exist. Mean establishment sizeis caculated similarly.*

In order to examine the differences in growth rate patterns associated with the different sze
classfication methods we looked a growth classfied by establishment size for establishments in each of
gx agegroups. In Figure 1, the upper pand shows the patterns using initid sze of each establishment

for classfication, while the lower pand uses mean establishment Sze. These plots generdly show the

12 For definition of cells for cell-based regressions, amodified mean size method was utilized. Solely for the purpose
of appropriately classifying mean size at death, initial size was used as the modified mean size, rather than half of the

initial size (which results from averaging in the zero employment after death).

15



growth patterns for mogt of the age cohorts closaly clustered, but the pattern for one-year-old
businessesis quite ditinct from the older ones.

Looking fird a the patternsin Figure 1 when we classfy establishments according to their initiad
(1994) sze, net employment growth clearly declined with increasing establishment size, after controlling
for age. The youngest establishments decline more sharply while the older ones soread out more. When
we dlassfy establishments according to their mean (1994) sze we find thet, after controlling for age, net
job growth rates increase with mean establishment size across the smaler Sze classes, but then leve off.
Again the youngest establishments have higher average growth rates then older establishments across dl
but the smallest Sze class. While not shown, these results also hold in each of the three industry
sectors—manufacturing, retail, and services—as well as angle unit firms and establishments in multi-unit
firms * These results are striking since both classifications are based on the same 3.6 percent annual
growth rate.

While much of our andyssis based on the annua change in establishment employment between
March 1994 and March 1995, we frequently reference the five-year changes from 1990 to 1995 in
order to verify that the patterns we find for asingle year dso persst over the longer period. Itis
important to understand why the five-year gross changes are not approximately five time the annua
changes. Thetypicd effect of the use of different frequencies (measurement intervas), is evident by

imagining measuring job generation on a quarterly basisin an industry with alarge annud seasond

13|t should be kept in mind that all of these analyses controlling for age must omit the growth due to establishment
births, since births all have an age of zero (or one) and a growth rate of 200 percent. Therefore, the relationship being
explored isthat of net and gross job flows in the establishments that already existed in theinitial year of each

analysis.
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component to employment variation, such as construction, or agriculturd services. Such an industry
would have large job creation ratesin certain quarters, and corresponding large job destruction ratesin
other quarters, while its gross annud job flows (e.g. March to March) would be relaively smal. Much
of thejob creation and destruction activity would be trangtory within the year, so the annud gross
changes would be far smdler than the sum of quarterly changes. Indeed, the ratio of the sum of
quarterly gross job flows to the annua flows is a good measure of the extent to which flows are
reversed within the annud period.

The shorter-term job generation that is reversed within alonger timeinterva is not limited to
expangons and contractions of individud establishments. Much of it may bein the form of new busness
gartups, which may then expand, but eventudly contract and even close before the end-point of the
measurement intervad. As the length of the measurement intervd increases, there will be more
businesses that both start up and close during the gap between the measurement points, so they never
appear in the beginning or ending point data. For example, assuming that businesses are born at a
regular annud rate during the interva from 1990 to 1995, but are measured only in 1995, the births
which appear a this end point are only the subset of each year’ s births which survived until the end-year
messuring point.**

I11. Basic Facts about Job Creation and Destruction in the 1990's
We begin our characterization of the facts by reviewing some prior findings about the magnitude

of job flows™. While these sudies differ in time period, sampling interval, sectord coverage and

! See Armington (1995) for further details on the impact of frequency differences on job creation measures.
> Dunneet a, 1989 b; Baldwin et a, 1996; Anderson and Meyer, 1994; Leonard 1987; Foote, 1997; Davisand
Hatiwanger, 1992 and 1998; Laneet al. 1996; and Spletzer, 1998.
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definition of business unit, severd clear patterns emerge from them. First, and most important, the pace
of gross job cregtion and destruction is rgpid — many times that of net change in employment. Using
annud figures for the manufacturing sector, Haltiwanger and Davis (1998, 8) “estimate that 1 in 10 jobs
are created and another 1 in 10 are destroyed each year.” Second, the rates of job creation are
generdly somewhat lower in manufacturing than in non-manufacturing. Third, are subgtantid trangtory
componentsin the higher frequency job flows, especidly the quarterly flows, so that higher frequency
figures do not sum to the corresponding lower frequency ones, for the same period.

Do these summary conclusions from previous studies hold for recent job creation and job
destruction for the U. S. economy asawhole? In this section we present a preliminary examination of
this question using establishment and enterprise data from the LEEM for the periods 1990-1995 and
1994-1995.

A. Employment Flows by Industry Sectors

Some of the basic facts that emerge from our measurement efforts are sriking.  Thelarge size
of the gross job flows is evident in the upper panel of Table 1, which reports 1990 U.S. employment
levels by industry sector, dong with their rates of net change, and their gross job cregtion, job
destruction, and job redllocation for the period from 1990 to 1995. The job redllocation (the sum of
job creation and destruction) rate was 77.8 percent for the U. S. economy as awhole for the five-year
period, but there was large variation by sector. The highest rates of job redlocation werein
congtruction, mining, finance, and agriculturd services (95 to 90 percent). Thiswas followed by retall
trade, wholesd e trade, transportation et d., and services (83 to 77 percent). Manufacturing had, by

far, the lowest job redllocation rate, at 59.7 percent.
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We can compare these five-year gross flow figures with earlier work by Dunne et d. (1989) for
the manufacturing sector reported at the establishment level. They reported average job generation
ratesfor U. S. manufacturing from four five-year intervals for the period 1967-1982. Their average
five-year job redlocation rates for manufacturing were 60.5 percent -- just one percentage point higher
than the LEEM numbers for the 1990-1995 period. Gross job creation rates are d so very smilar, with
29.6 percent versus 28.2 percent from the LEEM and for destruction 30.9 percent versusthe LEEM’s
31.5 percent. These results are remarkably smilar, given the different time periods and measurement
methods.

The lower pane of Table 1 presents annua establishment employment flows by industry for
March 1994 to March 1995. Employment increased by 3.6 percent in that interval. Annud job
redllocation for the whole economy was 29.6 percent. Thisfigure is higher than any reported previoudy
for annua datafor the U. S. economy. Whileit iscloseto the 27.1 percent figure reported by Leonard
(1987) for the state of Wisconsin, it is 50 percent higher than the 19.6 percent rate reported by Foote
(1997) for Michigan. These job creation and destruction rates indicate that 1 in 6 jobs was newly
created during this year, and 1 in 7 jobs was destroyed

Across different sectors of the economy, annual job reallocation rates ranged from a high of
45.2 percent in congtruction to alow of 21.2 percent in manufacturing. The figure for manufacturing is
just 1.8 percentage points higher than the 19.4 percent average annua rate reported by DHS (19963,
39). Thus, our figure for gross job flows in manufacturing is again close to previous esimations.
However, the LEEM data show gross job flows in the non-manufacturing sectors of the economy
averaged 31.5 percent, dmogt haf again higher than the manufacturing sector. Therefore, it is obvious

that job flows in manufacturing are not typical of the aggregate economy (Spletzer, 1998).
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These datain Table 1 confirm the first regularity of job generation -- that gross job flows are
very large in comparison with net changes. However our findings contradict the second regularity --
that job flows are dightly larger in non-manufacturing than in manufacturing. We found job generation in
manufacturing to be substantially lower than that in any other sector. The comparison of one-year
changes with five-year changesin Table 1 aso support the third generdization — that some of the annud
changes were trangtory, since the annual changes are far greater than afifth of the five-year changes.
Indeed, the five-year changes are generdly only 2 to 2.5 times the annua change rates, suggesting that
much of the change in numbers of jobs was not part of a continuing long-term pattern of growth or
shrinkage by those establishments.

B. Employment Flows by Establishment Size Classification

Having established the genera magnitude of gross flows in the economy, we now turn to the
question of how these flows vary for different sizes of establishments, and the issue of how to measure
establishment sze for thisanayss. For comparison purposes, employment flows classified by
establishment sze are shown using both initid and mean establishment Sze dlassficationsin each table
that shows size classfications. The top pand of Table 2 provides annud job generation rates for
edtablishments classfied by their employment in the initid year, which is 1994 generdly, but 1995 for
births.™®

Severd paterns are evident in these gross and net job flow ratesin Table 2. Firg, net job

cregtion is negatively related to the initid Sze of establishments, as are each of the gross flows—job

1 Mean employment is always used in this paper for calculating job flow rates from the gross job changes, regardless

of which employment measure is used for classification of size. Therefore the creation rates and destruction rates are
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creation, job destruction, and redllocation. In other words, as establishment sze increases, both the net
job creetion rate and dl gross flow rates decline sharply. Only the largest Sze class bregks this pattern,
with somewhat higher net growth, destruction, and redllocation. Second, very smal establishments
creste jobs at much higher gross rates than larger establishments, leading to a very high net growth rate
for these tiny establishments.

The lower panel of Table 2 reports the same job flows for establishments, but here the size of
establishments is classified according to their mean employment in 1994 and 1995, regardless of
whether they existed (had any employees) in both periods. The growth rate patterns here are smilar to
those in the top pane, with al gross flow rates decreasing as mean establishment Sze increases. The net
change aso decreases, but it has afew higher rates among the middle size classes.

Comparing the top and bottom panelsin Table 2 more closaly, we see that the use of mean
edtablishment Sze classfication greatly reduced the job creation included in the smdlest firm Sze class
(1-4). Itsnet job growth rate fell from 18.2 percent to 4.4 percent when we shifted from initial to mean
szeclassfication. Thisisdue to both a decreasein job cregtion (as the larger expansions are shifted to
higher classes) and an increase in job destruction by the smallest firm Sze class (increesing from 17.9
percent to 29.0 percent as contractions from larger Size classes shift to the smdler class).

Throughout the size digtribution, the use of the mean establishment size classfication tends to
shift contracting establishments’ job destruction to the smdler establishment sze classes. Similarly,
much of the expansion in jobs by establishments that were small in 1994 is shifted to larger

edablishments. When initidly smdl establishments grow rapidly, dl of thelr growth is attributed to larger

symmetrical, and the range of possible growth rates is bounded by the rates for births and deaths, which are 200
percent and —200 percent, respectively.
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establishment mean size classes. Notice that both net and gross job creetion rates distributed by mean
gze dasses are larger than the corresponding one using initid sze for dl dasses of establishments with
more than 19 employees, except the open-ended class with at least 5,000 employees

C. Employment Flows by Firm Size Classification

In their extensive study of job creation and destruction in manufacturing, DHS (1996) found a
strong negative relationship between the long-run average firm size and job redlocation rates (gross
turnover). The recent datafrom the LEEM affirm this relaionship for manufacturing establishments, as
shown in the cong stently descending line for manufacturing in Figure 2. The congtruction sector and the
trangportation, communication, and public utility (TCPU) sector aso exhibit a declining dope, dthough
not as srong. However, for al other large industry sectors shown in Figure 2, the negetive relationship
of redlocation ratesto firm sze holds only for establishmentsin smdler firms.

Table 3 presents employment flows for establishments classfied by the sze of their firms—the
aggregate nationd employment of dl establishments belonging to the firm. About 77 percent of
establishments are single location firms, so thelr firm size and establishment size are identicd, and their
classficationisthe samein Tables2 and 3. The other 23 percent of establishments (with over 50
percent of employment) belong to multi-unit firms, and their firm szeis generdly larger than that of eech
component etablishment. Comparing the 1994 employment in the initid sze dlassfor firmswith 1to 4
employeesin Table 3, to that for establishments with 1 to 4 employeesin Table 2, it is gpparent that
about 800,000 (or 13%) of the employeesin those tiny establishments actualy worked for larger firms.
The corresponding decrease of about 5.4 million employees (or 28%) inthe 5to 19 firm Szeclasshasa
more complex explanation. 1t is the net effect of the addition of some of those 800,000 jobs that were

reclassfied from the smdlest establishment Sze to alarger firm Size, and the subtraction of more than
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5.4 million jobs in establishments with 5 to 19 employees that belong to firms with more than 19
employees. Many of the larger firms own or control many of the smdler establishments.

At firgt glance, the Table 3 patterns of job generation rates decreasang with increasing firm size
look quite Smilar to those of Table 2, which is classfied by establishment sze. On closer examination
however, it is gpparent that the negative relationship between firm size and job flows is weeker for the
larger Sze classes, which contain primarily multi-location firms. Each of the flows measured — net
change, and gross job cresation, job destruction, and reallocation -- appears to have a consistent
monotonic, negative relationship with initial firm sze only for firms with less than 1000 jobs.

The relationships between job generation rates and mean firm sze are somewhat wesker than
the corresponding ones with initial firm sze. When dassfying by initid firm 9ze, net average
employment growth ranged from 17.7 percent to 1.4 percent as firm sze increased. Thistrend is il
evident usng amean firm gze classfication, athough less congsent, with net growth faling from 5.2
percent to 1.8 percent. Omitting the smalest Sze-class, which is strongly influenced by births of smdl

new firms, the remaining pattern of net growth rates by mean firm sizeis mildly “n”’-shaped. *

Y bHs (19964a) found no strong pattern between net job creation and firm sizefor U. S. manufacturing ,
although they did observe a negative relationship between long-run average firm size and job reallocation rates. We
directly compare annual net job creation rates by mean firm size for the entire nonfarm sector with the corresponding
LRD datafrom DHS (19963, Table 4.1, p. 61). The older manufacturing datafrom DHS exhibit aweakly n-shaped
relationship between firm size and net job creation, with the 100-499 size class at the peak. The more current LEEM
annual datafor all industries show asimilar pattern, but with the 500-999 firm size class at the peak. However, the
downward trend in the size-classes with over 1,000 employees is much more pronounced for the LEEM all-industry
data. Using afive-year interval the n-shaped pattern is much more pronounced, with a strong positive relationship
between net job creation and firm size for establishmentsin firms with less than 500 employees, and a strong negative

relationship between net job creation and firm size for larger firms.
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Comparison of 1994 to 1995 job growth patterns by firm-size for mgor sectors exhibit
somewhat diverse tendencies. In manufacturing establishments, net growth was inversdy related to both
theinitid firm sze and the mean firm sze. In the service sector, the negative relationship of net growth
to firm sze hdd only for firmswith initid sze under 1,000 employees, or mean size under 500
employees. For larger firms, no systematic relationship could be detected. Theretall trade sector’s
growth was inversely related to firm size only in the smdler (less than 100 employees) firm sizes, both
for initid and for mean Sze classfication.

D. Job Flow Differences by Establishment Age

Net and gross job flows by age'® of establishment are reported in the top panel of Table 4 for
al establishments that existed in 1994 or 1995, and in the bottom panel for dl non-birth establishments
in 1994 that survived to 1995. Note firgt that the net growth rate for establishments that started in 1995
was, by definition, 200 percent, and included only job creation. While establishments that started in
1994 did have a substantia rate of job loss, they ill netted job growth of 64 percent. All older
businesses lost more jobs than they gained during the year from 1994 to 1995. Thus, while the net job
growth rate clearly declines with establishment age, this decline appears to be concentrated in the first

three years of the life of establishments.

'8 The age of an establishment on the LEEM is determined from the year in which it first appearsin the Census data
system (Acs and Armington, 1998). When establishment records with different Censusidentification numbers are
linked together to represent a continuing establishment, the start year of the oldest isused. However, establishment
births (for 1994-1995, for instance) areidentified as all establishments reporting employeesin 1995 that had no
employment in March of 1994. These are all assigned a start year of 1995 for the purpose of analysis of 1994 to 1995
changes. Because we base our growth rate measures on mean employment, rather than initial employment, so that
expansion and contraction will be symmetrical, all establishment births have a growth rate of +200 percent. Thejob

creation rate and net growth rates for the birth year (1995 in the example above) will therefore always be 200 percent.
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Gross job cregtion rates declined strongly with establishment age, across the entire range of
ages measured. For the whole economy in 1994 to 1995, grossjob creation in existing establishments
declined from 80.3 percent to 7.9 percent as age increased. Gross job destruction rates aso declined
with age, but less strongly, and beginning only from age two. Job loss rates for one-year-old
establishments were about the same as for Six-year-olds.

Employment volatility dso declined fairly strongly with establishment age, asindicated by the
figuresfor job redlocation. For establishments that were one year old (started in 1994), the annud job
reallocation rate was aremarkable 96.6 percent. It dropped to 36.7 percent by the time establishments
were three years old, and then gradually declined to 17.1 percent for plants that started in or before
1977.

What mechanism might account for such a syslematic negative relationship between job
redllocation (or lack of employment stability) and establishment age? Jovanovic (1982) and Ericson and
Pakes (1995) suggest an explanation based on the selection effects associated with learning about a
new establishment’ s progpects for profitability. At the time of an establishment’ s entry, the business
(often agngle-location firm itsdf) faces uncertainty regarding its prospects for profitability and market
share. After entry, the management accumulates experience and information. An establishment that
accumulates favorable information about its profitability survives, and may expand to some optimum
gze, which it then triesto maintain with only trangtory smal changes Those that accumulate
unfavorable information exit as soon as they recognize thair satus, to minimize their losses. Apparently,
in most cases, it takes more than ayear to make this decision, so that destruction rates pesk in the

second year after startup.
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Other evidence to support this explanation is set out by Nucci (1999), who documents how
business survivd ratesrise rapidly as ageincreases. Many of the new businesses learn rapidly about
their poor prospects for success, and close in their first year, so they never appear in the LEEM (if they
never had pogitive payroll in the first caendar quarter). Many that survive to their second year have
dready accumulated substantial favorable information, but a fraction of the remainder in that year, and in
each succeeding year, decide againgt continuing, and close. This pattern of substantia, but decreasing,
job destruction from closures in the first few years after startup, combined with the subgtantid job
crestion associated with business births, accounts for much of the strongly higher redllocation ratesin the
younger businesses.

V.  Separating the Effects of Age, Firm Size, and Establishment Size

In this section, regresson analyssis used to help digtinguish among the effects of age, firm Sze,
and establishment size on the patterns of job creation, job destruction™®, net job growth, and job
redlocation in U.S. establishments. In each of the tables above we have examined the various job flow
rates while controlling for one of these factors a atime (sometimes further limited to a Sngle industry
sector). Some of the figures dlow us to examine the patterns when controlling for two factors a atime,
but these have not led to clear conclusions. All of these factors are intercorrelated, so that the
regresson andysis will not produce unbiased measures, but it will provide useful rough estimates of the

Separate impacts of these factors on average rates of gross and net employment change.

9 We calculate job destruction as a positive number. For exampleif afirm had 20 employeesin 1994 and 15 in 1995,
job destruction would be 5. Likewise, if an establishment had 20 employeesin 1994 and 25 employeesin 1995, job
creation would be 5. Thus, Net = creation - destruction and

Reallocation = creation + destruction.
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An important underlying question is the relative importance of the Sze of establishments
(locations or plants) versus the Sze of firms (enterprises or controlling legd entities) in explaining
differencesin average job flow rates. *° Decisons about levels of employment in single-establishment
firms are clearly made by the management of that establishment/firm. Establishments that are parts of
multi-establishment firms vary in their levels of decision-making autonomy, and we have no bass for
dassifying their rdative independence®* However, because nearly 80 percent of private sector
establishments are sngle-establishment firms, and large multi-unit establishments are dwaysin large
firms, firm sze and establishment Sze are highly corrdlated. Therefore, previous andyses have generdly
shown smilar results, whether based on firm size or establishment size. Indeed, because of limitations
on data, much anadlysisin the past has interchanged the two measures -- using firm size measures to test
theories about plant Sze, or using establishment Sze as a proxy for firm sze. The LEEM provides
accurate data on both firm size and establishments Size, so that we can test the relative strength of their
respective impacts on job growth.

Business hirths are the class of establishments with age of zero (or garting year equd to the
ending year of the growth andyss), and the symmetrica growth rate calculation we are using (based on
mean employment) sets their growth rate to a constant value of 200 percent for births. Therefore we
cannot include birthsin thisanadyss of the joint effects of age and other variables on job flow rates
without serioudy biasng the estimates. Establishment degths, on the other hand, are distributed over all

age classes, and can therefore be treated as contractions to zero employment. The job flows andyzed

2 Firm sizeis summed acrossindustries.
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in this section thus include only those of pre-existing businesses, excluding the subgtantid job cregtion
from births of new establishments (both new single establishment firms and new branches of existing
firms). Because degths are included and births are excluded, the net growth rates used in this andysis
are generdly negative, even when employment was growing.*
A. Measurement of variables

Since our god in thisregresson andysisisto separate the effects of the various factors
discussed above on the average gross and net job flow rates observed for groups of smilar
establishments, cell-based regressons were used. The observations on individua establishments were
grouped into cdls with other establishments that had Smilar characterigtics. Then average gross and net
job flows were calculated for each cell, based on the aggregate changes of dl the establishmentsin each
cdl. These congtructed cdlls then became the observations on which the regresson anaysis was based.
Sincethe cdls varied greetly in the aggregate amount of employment they represented, the regressions

were weghted by the sum of the employment? of dl establishmentsin each cdll.?*

' Armington (1982, 14) argued that it is the parent firm that makes the business policy decisions that determine much
of the behavior of the establishmentsthat it controls, so the size of the parent firm should be the better indicator of
expected job growth rates.

2 buri ng the period from 1994 to 1995,the creation rate was 16.6 percent. Births contributed 5.8 percent to the
creation rate, while expansions averaged job creation of 10.8 percent. Including births, the net job change rate for
that period was 3.6 percent. However, thisfallsto -2.2 percent when births are excluded. For the five-year period
from 1990 to 1995, hirths contributed 25.9 percent to the net job creation rate of 7.1 percent, so the existing
establishments alone had a net job creation rate of -18.8 percent.

% The sum of mean employment (averaging in zeros for deaths) was used to weight the regressions based on mean
size classifications, and the sum of initial employment was used to weight the regressions based on initial size
classifications.

# Alternative regressions were run using the number of establishmentsin each cell asweights, and the results were

very similar for single-establishment firms, and somewhat stronger for multi-unit establishments. Thisis probably
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Gross job crestion, destruction, and redllocation rates, and net job change ratesin each cdll are
caculated by dividing the sum of each flow by the sum of meen (of initid year and ending year, induding
zeros for deaths) employment for al establishmentsin the cell. Under this specification, the rates are
constrained to be less than 200 percent (because births are not covered) and greater or equa to —200
percent.

Each egtablishment with pogitive employment in the initid year (1994 or 1990) is assigned to a
cdl which is defined by ardatively narrow range of vaues for age, establishment sze, type of firm
(single or multi-unit), industry sector, and firm size®. These cells are bounded as follows:

- age classes:

for the 1994-1995 growth analysis, 2 years (start year = 1994), 3, 4, 5, 6,
7-8, 9-13, 14-18, and 19 or more years.

for the 1990-1995 growth analysis, 1 year (start year = 1990), 2, 3, 4, 5, 6,
7-8, 9-10, 11-13, and 14 or more years.

- establishment-employment size-classes.

1-4, 5-19, 20-49, 50-99, 100-499, 500-999, 1000-4,999, 5,000 or more

- type of firm:

due to the lower weighting of the frequently eccentric behavior of asmall number of relatively large establishmentsin
multi-unit firms. Although this weighting by observations probably produces better estimates of the separate effects
of our exogenous variables on job flows of establishments, the results of the employment-weighted regressions are
shown instead, since the preceding tables and figures, which we are attempting to clarify, are inherently employment-
weighted.

% Several other specification were explored to measure the additional impact of firm size (beyond that of
establishments size) on job flows, but they were generally not significant. These included theratio of firm sizeto

establishment-size, and the residual firm employment in other establishments belonging to the firm.
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sangle establishment or multi-establishment
- firm-employment sze-classes.
1-4, 5-19, 20-49, 50-99, 100-499, 500-999, 1000-4,999, 5,000-9,999, 10,000-

24,999, 25,000 or more

- industry sectors (divisions): SIC
Agriculturd services 07-08
Mining 10-14
Congtruction 15-17
Manufacturing 20-39
Trangportation, communications, and public utilities 40-49
Wholesdle trade 50-51
Retail trade 52-59
Finance, insurance, and real estate 60-69
Services 70-89
Unclassified. 99

Although they are derived from cdll averages that are bounded by the cdll definitions, age,
establishment-size, and firm sze were treated as continuous variables. Since the age classes were quite
limited, the mid-point of each closed age interva, as an gpproximation to the median, was used asthe

vaue for each cell. For each of the two open age ranges, a median vaue was estimated to represent
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the central point of their age distribution.?®  Since the effects of age differences on job generation appear
to be much stronger for the first severd years, and fal off rapidly after severd years, the naturd
logarithm of age was used to transform the effects to approximate linearity.?’

The establishment employment for each cdll was caculated as the average initid or mean
employment of dl establishmentsin that cell, and for cells with multi-unit establishments, the average firm
employment was smilarly cdculated from the initid or mean employment of their owning firms. These
business Sze variables were also expressed as natural logarithms, as their expected impact was not
proportiond to their levels, but to percentage differencesin ther levels

Four sets of cell-level data were constructed, each set representing the complete universe of
private sector employer establishments that existed at the beginning of each measurement period. Two
of the sets measured the annual job flows over the period from 1994 to 1995, and the other pair
covered the five-year job flows from 1990 to 1995. For each of these periods, one set of datawas
tabulated on the basis of dlassification by mear?® employment (both firm and establishment employment)
and the other by initid employment of establishments and firms.  The corresponding employment

concepts were used for caculating the average vaues to represent each cell for the dternative bases.

% For the 1994-1995 job generation analysis, the cells with establishments which started in 1977 or earlier (aged 19 or
older) were assigned a median age of 21 years. For the 1990-1995 job generation analysis, the cellswith
establishments that started in 1977 or earlier (aged 14 or older) were assigned a median age of 17 years.

" This assumption of linearity with the logarithm of age was tested, and the results are discussed below in the
section on age.

% \\When determining mean employment for cell classification for this regression analysis, zero values are not used.
Thus, establishment deaths are classified by their last positive observed size (rather than half their size, asthe strict
mean would dictate). If the firm also disappears then its last observed positive size is also taken to represent its mean

size. Both are probably understatements of the longer run sizes.
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For each of the size classfication methods (initid Size and mean Size) regressons were run
separately on the three mgjor industries (manufacturing, retail, and services), as well as the aggregate
economy, for the two time periods and the two types of firms (ngle and multi-unit). The numbers of
cdlsfor each regresson vary from 54 to 3,788, with the higher numbers for multi-unit establishments,
becauise they have an additiona dimension.?

B. Regression model

Multivariate regressons assst us in distinguishing the contribution to gross and net job flow
averages from each of the factors previoudy discussed. Hereit is assumed that each of the four flows
mentioned above — gross job creation, destruction, and reallocation, and net job change—variesasa
function of the age of the establishment, the Sze of the establishment, and additiondly, by the firm sze if
it isinamulti-unit firm. These relationships are estimated separatdy for establishments that are sngle
unit firms, and for those that beong to multi-unit firms.

The rdative szes of these flows are likdy to vary as afunction of the rdative vaues of the
explanatory variables, not as afunction of differencesinthar levels. A difference of 2 yearsin age
should have a greater impact when it is between 1 and 3 years than when it is between 8 and 10 years.

Similarly, adifference of 50 employees should have more impact when it is 50 percent of employment

# Those run on the aggregate economy used cells defined by the nineindustry divisions, so they generally had 9
times as many cells asthe individual industry regressions. Those for asingle industry run on single-unit
establishments did not use afirm size dimension in their cell definitions, so they were each based on around 60 cells.
Those for establishmentsin multi-unit firms usually had around 440 cells for each industry. Although there were 10
firm-size classes, there could be no establishmentsin establishment-size classes which were bigger than the firm-size
class, except for afew weird cases resulting from the use of mean size classifications when establishments were

changing their firm affiliations, but these would have little impact on the results because of their small weight.
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than when it isonly 5 percent. Therefore the regresson modd is pecified in terms of the natural
logarithms of dl independent variables. Each flow is estimated in the following form:

flow/mean empl = b, + by*Inage + bs*Inempl + b *Infempl + g 8
where:

flow = job creation, destruction, redlocation, or net change;

mean empl = .5*(employment in initid year + employment in find year);

Inage = log of establishment agein years;

Inempl = log of average establishment employment for cdl;

Infempl = log of average firm employment for cdl; and

e isarandom disturbance, which incorporates the unexplained variation.

Regressions are run separately for single-unit establishment/firms and for establishments in multi-
unit firms, with the firm gze variable included only for the establishmentsin multi-unit firms. Thishastwo
benefits—firg, it avoids the problem that the average firm szeisidenticd to the average establishment-
gzefor dl angle unit establishments. Secondly, it dlows usto digtinguish the job flow patterns of Sngle
unit establishments (which are themsdves independent firms) from those of multi-unit establishments
(which may be controlled by other establishmentsin their firm).

Asthe previous andyss showed digtinctly different effects of sze when dassfied by mean sze
or by initid gze, dl regressons were run usang each of these dternative methods of sze classfication.

C. Empirical Results
Cdll-based weighted least squares regressions were run on the job flow rates (employment

changel mean employment) for each of job creation, destruction, redllocation and net change, to assst in

33



separating the effects of age, establishment sze, and firms sze. Detalled regresson results for 1994-
1995 employment flows for dl industries together, and for three large industrid sectors are reported in
Tables5 and 6. Adjacent columns in these two tables compare the results when business size
(establishment size for dl establishments, and both establishment and firm size for those belonging to
multi-unit firms) isdassfied by initial employment, or by mean employment. The exogenous
employment variables are the corresponding cell averages of initid or mean employment, both for
edablishments and for firm sze. Table 5 shows the results only for establishments that are single unit
firms. Table 6 shows the corresponding results for establishments in multi-unit firms,

There are three important findings in our results, and each is stronger for the Sngle unit
edtablishments, which we will discussfirg. Firg, dl of the results show dl grossjob flows dedining
with age after controlling for establishment sze. The coefficients on age are negative and Satidticaly
sgnificant for job creation, destruction, and redllocation, regardless of the time period, the method of
gze classficaion, or the industry coverage. The linearity of the relationship of gross flows to age was
explored with higher powers of age, up to the fourth power. For job creation, amode including the
sguare and cube of the logarithm of age had significant coefficients, but only margind increasesin
explanatory power.*® The higher powers of age had no significance for job destruction.

For these single unit establishments, the negative relaionship of age to grossjob flows was
usudly stronger for destruction than for creation, so when destruction is subtracted from cregtion to

caculate net change, the impact of age on net job change is generdly postive and sgnificant, but rather

% Pl otting these estimated rel ationships showed that nearly all of the non-linearity was at the lowest value of age,
with growth ratesin thefirst year after birth underestimated by about 5 percentage points. The higher orders of age

had the expected tiny impact on reallocation, since it isthe sum of creation and destruction.



smdl. However, thisis not condstent across industries and Size dassification methods.® This generaly
positive relationship of age to net employment growth was unexpected, so further explanations were
sought. It could result from the assumption that the relationship is linear with the naturd logarithm of
age, if the relaionship were actualy strongly u-shaped or more complex. When this was tested, the
coefficients on age squared and age cubed were found to be significant, but again, the non-linearity was
limited to the youngest age group and contributed little explanatory power. Indeed, when age was
completely omitted from the regression on net employment growth, there was little or no decrease in R-
sguared, and little change in the regression coefficients or the remaining variables. Therefore, non-
linearity falled to explain the postive Sgn on age. Alterndtively, it might be associated with the
dominance of grossjob destruction over creation, due to the exclusion of jobs created by establishment
births, while those destroyed in establishment desths are included. When deaths were omitted from the
agoregation of establishmentsinto cells, the resulting regressons for single unit establishments, while
similar in other respects, had significant negative coefficients for age in the equation for net change®
Second, dl of the results show gross job flows dedining with establishment size after controlling
for age. The coefficients for establishment sze are dways negative and datisticdly sgnificant, regardless

of the time period, the method of classification or industry coverage.

% The positive coefficient on age for all industries classified by mean size, and that for manufacturing classified by
initial size were not significant. The small negative coefficients on age which were estimated for services (both initial
and mean) were also not significant. However, for the 1990 to 1995 period, for all industries, the age coefficients were
positive and significant for both initial and mean classification of size.

#nthisanalysislimited to continuing establishments — excluding deaths as well as births — the remaining grossjob
destruction was much lesswell explained (lower R-squareds), and the coefficients on age were much smaller. Inthe

regressions on net employment change, for both single establishments and multi-unit establishments, the R-squared
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The coefficients on establishment Sze for net job change, after controlling for age, vary with the
method of Sze dassfication. When the traditiond classfication of establishments by their Szein the
initid period is used, Sze is negatively related to net change rates, and the parameters are generally®
datidicaly sgnificant. Thus, for retall and services, aswel as for manufacturing and for al industries
together, net growth rates tend to fal with increasing initid establishment sze. However, when szeis
measured by mean sze, the coefficient on establishment size for net job growth is positive and
generaly™ satigticaly significant.

Third, when we examine the regressionsin Table 6, for establishmentsin multi-unit firms, we see
that after age and establishments Sze are accounted for, firm sze differences contribute little to
explaining the differencesin either gross or net job flows. For dl industries together, the coefficients for
firm Sze, after controlling for establishment age and establishment sze, are very smdl, but postive and
ggnificant for dl of the gross job flows except for job creation when classfying by mean firm size.
These results suggest thet, for larger firms, the negative effect of larger establishment size tendsto be
partialy offset by the positive effect of larger firm size.

For net job growth in multi-unit establishments, the estimated coefficients for firm sze are
extremdy smdl, negative, and frequently not satigticdly sgnificant after controlling for age and

edtablishment sze. On the whole, these results suggest thet the size of firms haslittle relationship to the

valuesincreased, and the coefficients on age (which were positive and significant when deaths were included)
became negative and significant.

¥ The parameter on establishment size for net growth in the retail sector, using initial size classification, is not
significant, but those for manufacturing and services, aswell asall industries, have high levels of significance.

¥ The parameter on size of establishments for net growth in the service sector, using mean size classification, is not

significant, but those for all industries together, and for manufacturing and retail, have high levels of significance.
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net growth rates of existing establishments, after the Sze and age of the establishments have been taken
into consideration, except to somewhat mitigate the effects of large establishmentsin large firms.

Findly, for gross job flows, the estimated coefficients on our limited set of explanatory variables
— establishment age, establishment employment, and firm employment for multi-unit establishments —
were very Smilar for al three of the large industry sectorsthat were andyzed. The same generd
patterns held when we andyzed flows across the five-year period from 1990 to 1995, and when the
generd form of the function was dtered (for example, using the logarithm of the changerate plus 1,
rather than the rate itself). When age was not included as an explanatory variable, the coefficients on
gze increased somewhat, but the orders of magnitude remained the same, and the impact of firm sze
remaned tiny.

However, through dl of the variationsin form of these regressions, a substantia digtinction
away's gppeared between the single establishments and the establishments that are part of multi-unit
firms. Single establishments are condstently much more sengtive to differences in age than are multi-unit
establishments. In the table beow, the coefficients estimated for gross flows for 1994 to 1995 for dl
industries have been converted from coefficients on logged variables to dadticities. Each number
represents the percentage points of increase (or decrease) in the associated gross flow rate that would
be expected with each doubling in the level of the explanatory variable. The vaues are rough averages

of the estimates for the two Sze classfication methods.

% |t appears that most of the results of analysis of growth rate differences by firm size are dependent on the close
correlation of firm size with establishment size — only large firms can have large establishments, and nearly 80 percent

of establishments are single-unit firms.
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Esimated Elasticitiesfor Gross Job Flows for 1994-1995

Crestion rate Destruction rate

Single units

Ageinyears -4.8 -55

Establishment employment -0.6% -0.7
Multi-units

Ageinyears -2.0 -2.3

Egtablishment employment -1.0 -0.8

Firm-wide employment +0.1%¥ +0.1

In generd terms then, comparing expected job cregtion rates of single unit establishments of
various ages, a doubling of age will be associated with a 4.8 percentage point reduction in the cregtion
rate. The job destruction rates of single units are even more sendtive to age. However, gross job flows
in establishments which are parts of multi-unit firms are much less sengtive to age differences

Proportiond differencesin establishment sze have much lessimpact on the expect grossjob
flows, and the order of magnitude of these differencesis smilar for Sngle establishments and multi-unit
edtablishments. However, sSnce the Sze range of establishments is much grester than that of agein
years, the totd difference atributable to sze may belarge. Therdative levd of firm wide employment
has avery smdl impact on expected gross job flow rates.

The following table summarizes the regresson results for net job growth for dl indudtries for

1990-1995 and 1994-1995 job flows.

% Except for job creation for single units with mean classification, which showed no relationship.

%" Except for mean classification.
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Regression Coefficient Signs For Net Job Changes

Single-unit Edablishments Multi-unit Egtablishments

Egtablishment Age + initid 9ze + intid 9ze
+ meansze - meangdze

Egtablishment Sze - inid gze - initid 9ze
+ mean Sze + meangze

Hrm Sze NA Oor - intid 9ze
- meansze

These findings are broadly consistent with recent empirical research on Gibrat's Law. For
sngle-establishment firms the coefficient for firm/establishment Szeis negative and Satidtically sgnificant
usng initid firm gze dassfication. For establishments in multi-unit firms, which are generdly larger than
gangle ones, thereis generdly avery weak or inggnificant relationship between net employment growth
and firm size. These results gppear to be consstent with previous findings by Evans (1987a and b), Hall
(1987) and Dunne, Roberts and Samuelson (1989b), that Gibrat’s Law holds for large firms, but not for
gamall firms (Caves, 1998).

The results dso confirm the Davis and Hatiwanger (1998) findings that when establishment sze
is dassfied by mean employment, it is pogtively reaed to net employment growth for manufacturing.
Furthermore, thisis true of other mgor industry sectors, and for the economy asawhole. However,
these results are very sengtive to the classfication methodology used, and are reversed when initid
employment is used for Sze classfication. So it is not clear which methodology is more gppropriate for
andysis of the relationship of employment growth to busnesssze.

V. Summary and Conclusons
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This paper has exploited the new LEEM data to study patterns of job creation and destruction
inthe U.S. economy. The LEEM is an economy-wide longitudind database covering al U.S. business
locations with employees, with data for tracking multiple years of employment changes and other
characterigtics of each individua establishment and the firm that ownsit. These data provide an
unprecedented resource for exploring dternative methods for measurement of job flows. The version of
the LEEM that was available for this research facilitates tracking employment, payroll, and enterprise
afiliation and employment size for the over nine million establishments that existed at some time during
1990, 1994, or 1995. Thuswe can dso evduate the rdative impact of differences in establishment sze
versus firm sze on expected differences in average job flow rates.

To avoid the problems of asymmetry and unbounded range in growth or flow rates caculated
traditiondly (by dividing change by the total number of jobsin theinitid period), use of the mean of the
beginning and ending period employment as the divisor for caculating rates was employed. Thus, the
job flow rates can vary only from amaximum of 2.00 in the case of establishment births, to aminimum
of —2.00 for establishment desths.

Recent research on the relationship between job flows and business size has generdly classfied
businesses by their mean size during the period over which the job flows are measured. This has been
suggested to avoid any regression-to-the-mean bias in the andlyss of the relationship between sze and
growth. However, this classfication method introduces other digtortions, particularly in the handling of
job changes resulting from establishment births and deaths. Therefore, establishment employment flows
were measured using both an initid Sze classification and a mean classfication. For job flows between
yearst-1 and t, theinitid year method dassfies dl establishment and firms according to their szein the

initid year (usudly t-1, but for births of new establishmentsitist). The mean Sze method classifies
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bus nesses according to the average of their employment in the initid and ending period, including zeros
for periods when the business did not exist.

Theresults are, in fact, quite sengtive to the method used. The mean size classification grestly
reduces the measured job creation in the smaler Sze classes (especidly in the smdlest, with 1-4
employees) rddiveto theinitid dze classfication of the same job flows. At the same time, the mean
gze dasgfication shiftsjob destruction to smdler Size dasses, rdative to the initid classification. Under
the mean 9ze method, births of new single establishment firms are classfied as hdf of thar actud sze,
and deeths are amilarly placed in asze dassthat is hdf the actud sze of the establishment before it
closed.

After examining differencesin job flow rates in establishments classfied by industry,
establishment sze, firm sze, and age, we turn to multivariate methods to help distinguish the separate
effects of these various inter-reated factors. Regression andysisis used to investigate the direction and
relative Sze of the relationships between employer Sze and age and the various job flow rates, in
edtablishments that dready existed in theinitid year of each time period. Previous investigations have
focused primarily on the size of each establishment, or, when it is avalable, on the overdl sze of the firm
that owns or controls each establishment. The LEEM data dlow the examination of each of these
separately, as well as degper analyss into which has the stronger relationship to job flow differences.

Thisregresson andyssis used to andyze differences in average job flowsin subsats (or cdls)
of establishments with amilar characteridtics, to digtinguish among the effects of age, firm sze, and
establishment size on the patterns of job cregtion, destruction, reallocation and net growth. The results
are summarized for each dependent variable. Firg, dl of the results show gross job flows declining with

age after contralling for size. When job destruction from business degths is excluded from the andysis,
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net job change is aso negatively related to age. Second, establishment Sizeis aso negatively related to
gross job flows whether initid Sze or mean Szeis utilized. However, for net job change the sign of
the coefficient is sengtive to the specification of the growth rate used. When net growth is classified by
initid establishment sze, the coefficient on establishment employment is negetive, but positive when
classfied by mean establishment size. Yet in both cases, very little of the variation in net growth rates of
exiging establishments was explained by the regresson model. Third, coefficients for firm size, when it
differs from establishment sze (for establishments which are part of multi-unit firms), are extremdy
amadl, inconsgtent in sgn, and frequently not Significant. Fourth, the results for establishments that are
gngle unit firms were much stronger than those for establishmentsthat are part of multi-unit firms.

These results shed some light on the gpparently conflicting findingsin the literature on the
relationship between net growth and sze. While Davis and Hatiwanger (1998) found a positive
relationship between net growth and mean establishment size, Evans (1987) and Hall (1987) found a
negetive relaionship between net growth and initid firm sze. We confirm that thereis generdly a
positive and gatigticaly sgnificant relaionship between net growth (excluding that from births) and mean
establishment Sze, after controlling for age. However, uang initid firm sze classfication reversesthe
ggns on the coefficients for establishment size.

Caution is needed in interpreting many of these results. While growth patterns for the sngle
year of growth were checked for consstency with those for the five-year period, the available data
cover ardatively short time period which incorporates a brief recesson followed by along growth
period. Thismay not betypica of thelong run.

There are four substantia areas of uncertainty about methodology where further research is

needed. First, amore adequate econometric framework is needed for handling job generation from
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establishment births in afashion pardle to that of job generation in existing establishments.
Establishment deaths, on the other hand, are distributed over al age and Sze classes, and can be easlly
handled as contractions to zero employment.

Secondly, while the relationships with gross job cregtion and destruction are fairly strong, the
gpecification for net growth is very week. It gppears that we can predict the size of gross flows for
different classes of busnessesfairly wdl, but we cannot predict the overdl direction of net flows based
on our limited explanatory varigbles.

Third, while the use of mean employment to caculate symmetricd, bounded job flow ratesis
clearly an improvement over the traditional asymmetrical unbounded rates, it is not clear that the newer
method is adequate for smoothly integrating the trestment of the various types of job flows. Better
methods may be needed for transforming the high growth rates associated with births and with rgpid
growth in very smdl establishments.

Findly, itisnot a al clear that the use of mean Sze classfication provides an unbiased and
gopropriate basis for anayss of gross and net job flows by various sizes of businesses. The extended
LEEM, which will provide annua data for tracking employment in establishments from 1989 through
1996, will facilitate more detailed andyss of the potentid impact of the regresson fdlacy, which

motivated the shift to andyss by mean Sze.
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